Marine mud volcanoes are geological structures emitting large amounts of methane from their active centres. The Amsterdam mud volcano (AMV), located in the Anaximander Mountains south of Turkey, is characterized by intense active methane seepage produced in part by methanogens. To date, information about the diversity or the metabolic pathways used by the methanogens in active centres of marine mud volcanoes is limited.
. Based on the 16S rRNA gene phylogeny, ANME are 35 divided in three distinct clusters, namely ANME-1, ANME-2 and ANME-3, 36 phylogenetically distantly (for the ANME-1) or closely (for the ANME-2) related to 37 methanogens (Lösekann et al., 2007) . The close phylogeny between the ANME and 38 methanogens and the biochemical link of both pathways in the methane cycle 39 suggest a co-evolution in their biochemistry (Knittel & Boetius, 2009 ). The mcrA gene 40 encoding the methyl coenzyme M reductase (MCR) catalyzing the final step of the 41 methanogenic pathway, is unique and found in all methanogens and anaerobic 42 methanotrophs (Thauer, 1998) . we also studied the community structure of methanogens. Methanogenic activities 60 based on the three substrate types were measured in various depths along a 6 m 61 gravity core. Depth distribution of dissolved cations were quantified from diluted porewater using 106 standard ion chromatographic techniques, at the Ifremer laboratory. Cation 107 concentrations were measured using ion exchange chromatography, with a isocratic 108 DX120 ion chromatogtaphy system (DIONEX Corporation, Sunnyvale, CA) fitted with 109
Ionpac CS 12A columns and a suppressor (CSRS-ultra II) unit in combination with a 110 DS4-1 heated conductivity cell. Components were separated using a 111 methanesulfonic acid (18 mM) gradient, with a flow of 1 ml min -1 . 112
Porewater sulfate and acetate concentrations were measured in triplicate for each 113 section, by ion exchange chromatography using an ICS-2000 ion chromatography 114 system (Dionex®, UK) fitted with two AS15-HC 4 mm columns inseries, and a 115 Dionex® Anion Self-Regenerating Suppressor (ASRS®-ULTRA II 4-mm) unit in 116 combination with a Dionex®DS6 heated conductivity cell, Cardiff University, UK. 117
Components were separated using a potassium hydroxide gradient program as 118 follows: 6.0 mM KOH (38 min isocratic), 16.0 mM KOH min-1 to70 mM (17 min 119 isocratic). 120
Methane concentrations were determined from 3 cm 3 sediment sample without 121 replication, sealed in glass tubes containing 6 ml of NaOH (2.5% w/v), on board 122 using the headspace technique coupled with a gas chromatograph GC (HSS-GC) 123 equipped with a thermal-conductivity detector (TCD) and a flame-ionization detector 124 (error of 4%). Helium was the carrier gas, and column temperature was 40°C (details 125 in (Sarradin & Caprais, 1996) . 126 127
Methanogenesis rate measurements. 128
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Bands AmK-dggeB2, B5 to B7 were affiliated with the order Methanomicrobiales (75 340 to 80 % of similarity). Bands Amk-dggeB3, B4, B9, B12 and B13 were affiliated with 341 the nutritionally versatile methanogenic order of the Methanosarcinales (81 to 94 % 342 of similarity). 343
According to observed maximum rates of methanogenesis ( Fig. 1 and SM2 were affiliated in majority with the ANME-1 (mcrA group a/b) with 91 to 98 % 352 similarity, and in minority with the ANME-2c (91 % similarity) and the 353
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